In the present study, the square-shaped compensator for the overhead pipeline in a chemical industrial park was selected as the research object. The pipeline gallery had 10 sets of support columns, 4-layer pipe racks and 27 pipes to transport the flow mediums in different temperatures and pressures. By taking into account the factors such as gravity, medium temperature, flow force acted on the pipeline, etc, the ANSYS finite element model was established sophisticatedly to perform the thermal fluid-solid coupling computation. The distributions of displacement, axial force, shear force, bending moment and stress of the square-shaped compensator were obtained. The maximum values and the corresponding positions in these distributions were found and analyzed. The reliability of the square-shaped compensator was judged by checking the secondary stresses. The study aims to explore a safety assessment method for the application of complex overhead pipelines, and to provide solid technical support for the safety operation of overhead pipelines.
INTRODUCTION
The overhead pipelines in the chemical industry park are generally several or even dozens concentrated laying on the pipe gallery to transport raw materials and chemical products under various temperature, pressure and flow conditions, therefore local deformation, thinning failure and other problems may cause potential safety hazard. In order to eliminate temperature stress and release thermal deformation, a compensation device like a square-shaped compensator is generally installed on the pipe gallery. In recent years, relevant investigations were conducted on thermal compensators. Isting and Thier [1] performed a survey of criteria in the design of pipeline systems for the viewpoint of safety. They concluded that static and dynamic loads acting on the pipeline system owing to thermal stresses called for an analysis of the forces and moments as well as for possibilities of compensation. Nakhalov [2] studied the pipeline compensator welded from two parts with different thermal expansion coefficients to completely remove its compensation stresses and eliminate the forces transmitted by the pipeline to equipment and stationary supports. Alessandrescu [3] developed a innovative compensation consisting in 2×90 degrees pipe bends and 2×45 degrees pipe bends with more over 120 variants of materials, nominal diameter, operating conditions. The stress and distortion conditions of the new shape satisfied the requirements in ASME Code B31.3. However, the above mentioned investigations for compensators were mainly based on some commonly design principles, and lacked sophisticated and integrated computational methods and assessments.
In this work, a square-shaped compensator of overhead pipeline in a chemical industrial park in South China was selected as the research object. By taking into account the factors such as gravity, medium temperature, flow forces on the pipeline, the ANSYS finite element model was established systematically to perform the thermal fluid-solid coupling calculation. The study aimed to explore a safety assessment method for the application of complex overhead pipelines, and to provide solid technical support for the safety operation of overhead pipelines.
FINITE ELEMENT MODELING

Geometric Model
The geometric models of the square-shaped compensator for the overhead pipe are shown in Figures 1 and 2 , for longitudinal and transverse directions respectively. The pipe gallery had 10 sets of columns and 4 layers of pipe racks. The first layer of pipe rack had 5 pipes, the second layer had 3, the third layer had 3, the fourth layer had 16 and a total of 27 pipes. The pipe number is shown in Figure 2 . 
Element Type in FEM
According to the layout of the square-shaped compensator for the overhead pipeline shown in Figure 1 and 2, the APDL finite element model of ANSYS was established. Pipe racks and pipes were modeled by using beam elements (Beam 189) and pipe elements (Pipe 289) [4] [5] [6] [7] , respectively. Table Ⅰ shows the specific data of rack and pipe elements, where B is the sectional length of the beam, H is the sectional height, D is the outer diameter of the pipe, δ is the thickness of the pipe.
Material Properties
The material constants used in the finite element model are shown in Table Ⅱ . The integrated overhead pipeline FEM model of ANSYS was built by the material of the structure, the element type and the element section size, which included 12660 elements and 25057 nodes. Figure 3 shows the FEMgrids of the squareshaped compensator for overhead pipelines.
Transport Media and Operational Parameters
According to the actual situation on site, the transported media and their physical properties and operating conditions are shown in Table Ⅲ .
LOAD AND CONSTRAINTS
The load in FEM computation mainly included the gravity, medium temperature, flowing forces acted on the pipeline. Fixed constraints were imposed on both ends of the pipes and the bottoms of the columns in the calculation. Pipeline Figure 3 . Finite element mesh of square compensator for overhead pipeline.
Thermal Load
The pipeline is expanded and compressed due to the difference between the flowing medium temperature and the local temperature while installation. Therefore, the thermal and structure options were chosen together in FEM calculation [8] [9] [10] . Tables II and III show the material expansion coefficient, media operating temperature and thermal conductivity for FEM thermal load. 
Flow Load
The force acted by the flowing medium on the pipeline mainly includes the resistance along the path caused by the viscous flow and the force generated by the 90° elbow [11] . The resistance along the pipe path is written as:
Where  is resistance coefficient dependent on Reynolds number. l is the length of the pipe, d is the inner diameter of the pipe, v is the flow velocity, A is the cross-sectional area of the pipe, as shown in Figure 4 . The force on the 90° elbow is expressed in equation (2) . The direction and the position of force are shown in Figure 5 .
CALCULATION RESULTS AND ANALYSIS
The analysis and judge for calculation results mainly focused on the overall displacement and stress distribution of the square-shaped compensator for overhead pipes. The horizontal support structure were concerned on the maximum bending moment and shear force, while the column focused on the maximum axial force.
Displacement Distribution
Figures 6 and 7 are respectively X-and Y-direction calculated displacements of the square-shaped compensator of the overhead pipeline. From the figures, the maximum X-direction displacement (11.4 mm) appeared in the pipe 13 conveying superheated steam between the rack 5 and the rack 6. The maximum Ydisplacement(10.2 mm) occurred in the pipe 9 conveying a non-aromatic product between the rack 5 and the rack 6. In addition, the higher rounded corners of the square-shaped compensator were stretched, and the lower rounded corners were squeezed. The calculated displacement result is consistent with the common analysis on the deformation of the square-shaped compensator. 
Von Mises Stress Distribution
Figure 8shows the calculated Von Mises stress distribution of the square-shaped compensator of the overhead pipeline. From the figure, the maximum stress (156 MPa) appeared in the pipe 13 conveying superheated steam in contact with the fourth-layer beam of the rack 8. Since the inner diameter of the pipe was small, the medium temperature and the flow velocity were high, the stress in the pipe was higher than others. Figure 10 is a shear force distribution of the overhead pipeline square-shaped compensator. It can be seen from the figure that the maximum shear force on the beam was 313.63 kN, which appeared at the fourth-layer beam of the rack 6 connecting with the pipeline 12. The maximum shear force on the pipe was 202.23 kN, which occurred on the pipe 12 conveying crude oil. This means that the maximum shear force of the beam and the pipeline occurs at the lower rack on the transition path from high to low in the compensator. 
Shear Force Distribution
Bending Moment Distribution
Figure 11shows the calculated bending moment distributions of the squareshaped compensator for the overhead pipeline. It can be seen from the figure that the maximum bending moment of the rack beam was 311.88 kN·m, which appeared at the junction of the pipeline 1 and the first-layer beam between the rack 5 and 6, The maximum bending moment of the pipeline was 129.63 kN·m, which appeared at the pipeline 12 conveying crude oil. This means that the maximum bending moment of the beam and the pipeline also appears on the lower rack on the transition path from high to low in the compensator.
PIPE STRENGTH CHECK
According to the technical standards of industry [12] [13] , the primary stress 1  , the secondary stress 2  and total stress t  of the pipeline are required to satisfy the following conditions.
Where s  is the yield strength of the pipe. 1  is caused by gravity and other loads.  is caused by thermal deformation only. t  is caused by all loads and thermal deformation. It can be seen in Table IV that the calculated stress of the squareshaped compensator of the overhead pipeline satisfies the above condition (3). This indicates that the overhead pipeline square-shaped compensator is reliable in service. 
CONCLUSIONS
(1) The maximum displacement of the square-shaped compensator for the overhead pipeline is between the two highest columns. The higher rounded corners at both ends are stretched, the lower rounded corners are squeezed, and the displacement meets the design requirements.
(2) The bottom of the highest column in the square-shaped compensator bears the maximum axial force. The maximum shear and bending moments of the rack beam occur in the lower rack beam from the high to low transition of the rack. The maximum shear force and bending moment of the pipeline appear at the junction of the lower rack between the high and low rack.
(3) In the entire square-shaped compensator for overhead pipeline, the maximum stress occurs at the contacting position of the pipe with a smaller inner diameter, higher medium temperature and flow velocity with the beam. By the strength check, the present studied model meets the design requirements.
